Generalization of fear is thought to be an important mechanism contributing to the etiology and maintenance of anxiety disorders. Although previous studies have identified determinants of fear generalization regarding perceptual aspects and evaluation processes, it is currently unclear, to what degree overt attention might mediate the magnitude of generalized fear. In order to test the prediction that attentional preferences for diagnostic stimulus aspects reduce fear generalization, we developed a set of facial stimuli that was meticulously manipulated such that pairs of faces could either be distinguished by looking into the eyes or into the region around mouth and nose, respectively. These pairs were then employed as CS+ and CS− in a differential fear conditioning paradigm followed by a generalization test with morphs in steps of 20% between CS+ and CS−.
Individual patterns of attentional exploration predict the extent of fear generalization in humans
Anxiety disorders greatly contribute to the psychological burden in the United States and Europe (Kessler et al., 2005; Wittchen et al., 2011) and consequently, research efforts have been increased to identify mechanisms that contribute to their etiology and maintenance. One such mechanism is fear generalization. Anecdotally described 100 years ago in the well-known case study of "little Albert" (Watson & Rayner, 1920) , fear generalization describes the phenomenon that learned fear is not restricted to those exact stimuli with which an aversive event was originally paired but extends to stimuli that are in some way similar (Dymond, Dunsmoor, Vervliet, Roche, & Hermans, 2015) . The most intuitive kind of generalization is that along the dimension of perceptual similarity. For example, Lissek et al. (2008) employed circles of intermediate sizes (generalization stimuli; GS) to form a gradient between a conditioned stimulus (CS+) that was paired with an electric shock (unconditioned stimulus, US) and a second stimulus (CS−) that was never followed by the US. These circles were presented to healthy subjects after fear acquisition. Interestingly, both perceived risk of US and startle responses increased with similarity to the CS+ in a manner that was characterized as "quadratic". In comparison, patients who suffer from pathological fear usually show different gradients that form a more linear increase. This has been demonstrated for patients with panic disorder (Lissek et al., 2010) , posttraumatic stress disorder (Kaczkurkin et al., 2017; Lissek & Grillon, 2012) , and generalized anxiety disorder (Lissek et al., 2014 but see Tinoco-González et al., 2015 . Generalization gradients have been mostly described for subjective ratings and startle responses (e.g., Lissek et al., 2010; Lissek et al., 2014) , but they have also been observed in skin conductance responses (e.g., Dunsmoor, Kroes, Braren, & Phelps, 2017; Schiele et al., 2016) and phasic heart rate decelerations (Ahrens et al., 2016) . While individual differences in fear generalization are stable over time (Torrents-Rodas et al., 2014) and have been shown to predict anxiety symptomatology (Lenaert et al., 2014) , the mechanism underlying this phenomenon is still under debate. It is often implicitly assumed that it merely reflects the organism's inability to perceptually distinguish between the CS+ and the GSs (e.g. Lissek, 2012) . Struyf, Zaman, Hermans, and Vervliet (2017) tested this assumption explicitly within a large sample by adding a discrimination task at the end of generalization trials. Results indicated that perceptual errors occur predominantly in a biased way, i.e., GSs are frequently mistaken for CSs but not the other way round. Furthermore, this perceptual confusion alters US-expectancy accordingly (see also Zaman, Ceulemans, Hermans, & Beckers, 2019) .
Contrasting with the perceptual confusion hypothesis, Onat and Büchel (2015) used functional neuroimaging within a fear generalization paradigm and observed that activation of the anterior insula was sharply tuned to the CS+ and thus exhibited a narrower generalization profile than skin conductance responses or shock expectancy ratings. This pattern of results indicates that threat identification could in principle be performed unambiguously and the authors therefore concluded that fear generalization is an active and adaptive process that integrates uncertainty signals from object-sensitive visual areas to compute the behavioral or autonomic output (for similar results of sharp CS-tuning see McTeague et al., 2015) . Another study using auditory stimuli in conjunction with multivoxel pattern analysis, however, was able to find neural generalization profiles in primary auditory cortices and the amygdala that confirm the perceptual model of fear generalization and also highlight the role of affective modulation thereof (Laufer, Israeli, & Paz, 2016) . Consequently, it is still unclear to what extent fear generalization is driven by low-level perceptual or by higher-level decision-making processes.
In this study, we aimed to examine the influence of attentional processes on fear generalization. Interestingly, patterns of visual exploration are heritable (Constantino et al., 2017; Kennedy et al., 2017) and highly stable across long periods of time (Mehoudar, Arizpe, Baker, & Yovel, 2014) . Additionally, these consistent viewing patterns seem to be domainspecific and they correlate with perceptual performance, e.g., with respect to face recognition abilities (de Haas, Iakovidis, Schwarzkopf, & Gegenfurtner, 2019) . Using manipulated line drawings that included predefined distinguishing features, Baruch, Kimchi, and Goldsmith (2014) demonstrated that visual and spatial priming of relevant features facilitated object recognition by enhancing local attentional deployment. In summary, distinguishing features attract attention and facilitate performance.
To investigate the role of attentional processes on the extent of fear generalization, we created a novel stimulus set of facial photographs that was meticulously manipulated such that pairs of faces could be distinguished only by looking either into the eyes or in the region around the mouth and nose. These pairs were then employed as CS+ and CS− respectively within a fear generalization paradigm. After fear acquisition, morphs in steps of 20% between CS+ and CS− were presented to test generalization of fear. Trial-by-trial shock expectancy ratings, heart rate, electrodermal activity 1 , and eye movements were measured. We sought to replicate a "quadratic" generalization gradient that is typical for healthy samples (cp. Ahrens et al., 2016; Lissek et al., 2010) . Furthermore, we expected that subjects would predominantly focus on eyes compared to 1 Since the experimental protocol was not specifically adjusted for the registration of skin conductance and the respective data were therefore acquired in suboptimal conditions (see Discussion), methods and results regarding this measure are reported in the Supplementary Material. other facial features (cp. Mehoudar et al., 2014) but that they would as well be able to adaptively shift attention toward diagnostic mouths and noses. Our main hypothesis was that participants who deploy more attention toward diagnostic facial features would also show narrower (i.e., more "quadratic") fear generalization gradients.
Method

Participants
Forty-eight healthy subjects (37 female) participated in the study for course credit or financial compensation (15 €). For one individual, the experiment was aborted due to insufficient performance in the initial differentiation task (see Procedure). Three further participants were excluded since their pain ratings of the US had decreased to non-painful levels until the end of the generalization phase.
The final sample thus consisted of 44 individuals (35 female; age = 25.7 ± 5.0 years) that exhibited low levels of social anxiety (SIAS = 19.7 ± 8.0). All participants reported to be free of any diagnosed mental or neurological disorder and gave written informed consent. The study was approved by the local ethics committee of the Department of Psychology at the University of Würzburg and was performed in accordance with the Declaration of Helsinki.
Stimulus Materials
Visual Stimuli. Edited facial portrait photographs with neutral expression were used as stimuli. The original pictures had a resolution of 642×676 pixels and were taken from the Oslo Faces Database (Chelnokova et al., 2014; Leknes, 2014) . Pairs of photographs with the same gender and similar skin color were selected and edited with the GNU Image Manipulation Program (GIMP) such that either the eyes or both mouth and nose were copied from one face to the other while keeping all other pixels identical. The original photograph and the edited picture thus differed only in the specified area and were later used as CS+ and CS− (assignment counterbalanced across participants). In total, one male and one female pair was created for each diagnostic region (eyes vs. mouth/nose). For each subject, two out of the four pairs were chosen such that each diagnostic area and gender was present in the selection. We also generated morphs in steps of 20% between both faces of each pair to comprise a generalization dimension.
Participants viewed the pictures on a 24" Asus VG248QE screen that was set to a resolution of 1920×1080 pixels and was placed 53 centimeters away from the subjects' eyes. Hence, the stimuli filled an area of 19.0°×20.0° of visual angle. Excluding hair, neckline, and background, the face occupied a visual field of approximately 9.5°×10.0°. 
Procedure
The experimental procedure included several preparatory tasks preceding the fear generalization paradigm. After completion of the informed consent form, subjects were seated inside an acoustically and electrically shielded cabin in order to adjust the eye-tracker (see Data Recording and Processing) to the physical attributes of the participants. Afterward, a discrimination task was performed in order to assure that subjects were able to perceptually distinguish between the stimuli that were sought to be used as CSs in the fear generalization paradigm. In succession, electrodes for the measurement of heart rate and electrodermal activity (see Data Recording and Processing) as well as for pain application (see Stimulus Materials) were attached. The intensity of the painful stimulus was then individually adjusted. Next was a training task that should ensure that subjects perform their trial-by-trial shock expectancy rating within the specified time window. Thereafter, the fear generalization task was conducted. Before subjects were debriefed and reimbursed, they completed the Social Interaction Anxiety Scale (SIAS; Mattick & Clarke, 1998; German version: Stangier, Heidenreich, Berardi, Golbs, & Hoyer, 1999) , and a questionnaire targeting demographic data in paper form. All behavioral tasks were run on a desktop computer using PsychoPy 1.85.6 (Peirce, 2007) as presentation software.
The tasks will be specified in detail in the following.
Discrimination Task. Since the stimulus material was perceptually highly similar, the experiment started with a discrimination task that was run with two pairs of stimuli that were to be employed as CS+ and CS− in the subsequent fear generalization paradigm. At the beginning of the task, the four selected pictures were shown in succession for 6 seconds each with their respective response button, separated by a fixation cross for 1 second. After having viewed each stimulus and the according response button once, participants were asked to indicate at the end of consecutive trials via button press which picture they have just seen. After the response, feedback was provided for 2 seconds. Every picture was presented five times, totaling to ten repetitions per pair and 20 trials in total. If a subject achieved less than 80% correct answers for any of the two pairs, the task was repeated and if necessary, the selected pairs were switched until the discrimination criterion was satisfied.
Pain Calibration. After the setup of the electrodes (see Data Recording and Processing), the pain calibration procedure was conducted. Subjects were exposed to two alternatingly ascending and descending trains of electrotactile stimuli. The first impulse started at an intensity of 0.25 mA and was adjusted in steps of 0.25 mA. In succession to each stimulation, participants indicated their sensation on an eleven-point scale ranging from 0 = no sensation over 4 = minimally painful to a theoretical maximum of 10 = worst pain imaginable. The intensity was increased during ascending trains until a 4 or higher was indicated and amperage was decreased again until stimulation was not perceived as painful anymore. For each of the four trains, the minimum intensity that still obtained a painful sensation was identified, the results were averaged across trains and augmented by 50%. If this intensity did not lead to a moderately painful sensation denoted by a five or six on the scale, amperage was slightly adjusted once more with consultation of the subjects. After the experiment, an electrotactile stimulus of the same intensity was again applied and participants were asked to report their sensation using the same eleven-point scale as before. The average US intensity that was applied during the experiment amounted to 1.26 ± 0.90 mA and resulted in moderate pain ratings right after calibration (6.4 ± 0.5) and until after the experiment (5.3 ± 0.9). The decline in US painfulness across the experiment was significant (t(43) = 7.95, p < .001, d = 1.20) as well as an increase in variance (F(43, 43) = 0.33, p < .001).
Timing Training. Having calibrated the aversive electrotactile stimulation, a training phase was conducted with geometric shapes in order to get subjects accustomed to the experimental task that included a trial-by-trial rating of shock expectancies. We used three geometric shapes each with a height of 400 pixels: a green circle, a blue square, and a red equilateral triangle rotated by 180°. In the training phase, we established a contingency between the shapes and the pain stimulation of 0%, 50%, and 100% respectively. Each trial consisted of one of the geometric forms being presented for 6 seconds. After 4 seconds, a rating prompt appeared at the bottom of the screen for 1.85 seconds. Subjects were asked to indicate their perceived likelihood of an electrotactile stimulation occurring at the end of the trial on a 5-point scale (1 = no shock, 3 = uncertain, 5 = shock certain). 5.85 seconds after stimulus onset, the painful stimulation was applied or omitted and a brief feedback of 1 second with the participant's answer was displayed. If subjects pressed too early or too late, the answer was marked as invalid and an according feedback was provided. A fixation cross in the center of the screen was depicted during the inter-trial-interval with its duration following a uniform distribution between 2 and 4 seconds to minimize anticipation effects. Every shape was presented four times in a randomized order. If participants exhibited more than 2 out of 12 invalid answers, the procedure was explained again and repeated.
Fear Generalization Task. The fear generalization task was the final and main computer task in this experiment. It consisted of three phases: habituation, fear acquisition, and fear generalization (cp. Lissek et al., 2008) . During the habituation phase, each of the four selected facial stimuli (one male and one female pair perceptually differing in the eye or mouth/nose region, respectively) was presented four times without any electrotactile stimulation. Fear acquisition followed up seamlessly consisting of 32 trials in total. The two stimuli that were assigned to denote the CS+s (i.e., one stimulus of the male and female pair, respectively) were reinforced in 75% of the cases. After a short break and recalibration of the eye-tracker, the last phase started. During generalization, four intermediate stimuli between the CS+ and the CS− (morphs in steps of 20%) were also presented for each stimulus pair. These generalization stimuli (GS) spanned the generalization continuum from CS− across GS1 through GS4 to CS+.
Each of the ten non-CS+s was presented eight times during the generalization phase. The two CS+s, however, were presented 16 times with a 50% reinforcement rate in order to reduce extinction. Thus, the generalization phase consisted of 112 trials. The fear generalization task in total included 160 trials. The trial structure was identical to the timing training except that no feedback was displayed. The sequence of a single trial is illustrated in Figure 1 . Figure 1 . Schematic depiction of a trial sequence including a random inter-trial interval with fixation cross, the stimulus presentation of six seconds in total, and a rating prompt overlay appearing four seconds after stimulus onset (for details, see Figure S1 in the Supplementary Material). Aversive electrotactile stimulation was applied or omitted on top of visual presentation during the last 0.15 seconds (i.e., 5.85 seconds after stimulus onset).
Data Recording and Processing
Shock Expectancy Ratings. Behavioral responses were collected during every trial with a modified keyboard that had all buttons removed except for the five response keys (QWERTY-Layout: Space = 1, L = 2, Semicolon = 3, Apostrophe = 4, and Right Shift = 5). Participants placed their right hand on the keyboard such that each finger corresponded to one of the keys (thumb on Space, pinky on Right Shift). This setup should enable subjects to provide their rating efficiently and without having to look at the keyboard. The shock expectancy data of two subjects were excluded since more than 25% of their ratings were missing during generalization phase.
Eye-Tracking. Eye movements were recorded with an EyeLink 1000 Plus system (SR Research Ltd.; Ottawa, Ontario, Canada) in tower mount mode. Eye-tracker and screen were positioned on top of a table that could be easily adjusted for the height of the participants. The right eye of participants was sampled at a rate of 1000 Hz (left eye for one subject due to calibration issues). The eye-tracker was calibrated prior to the beginning of the habituation phase and before the generalization phase (see Procedure). For one participant, no eye-tracking was performed because of insufficient calibration quality.
Eye-tracking data were split into saccades and fixations using EyeLink's default parser options. A saccade was defined as an eye-movement of speed beyond 30 °/s or an acceleration exceeding 8000 °/s² (default parameters). Time periods between saccades were defined as fixations. Results were exported into text files and processed further in R 3.5.1. Similar to our previous research (e.g., Flechsenhar, Larson, End, & Gamer, 2018; Rösler, End, & Gamer, 2017) , an iterative drift correction algorithm was applied to the spatial coordinates of each subject, separately for both experimental blocks: For every trial, the last 300 ms before stimulus onset were considered as the baseline where subjects were instructed to fixate the fixation cross in the center of the screen. All fixations within this time window were averaged (weighted by their duration). Subsequently, the smallest and largest values were temporarily removed from the distribution of baseline values and were marked as invalid when they deviated more than 3 standard deviations from the mean of the distribution of remaining baseline values. Valid and invalid baselines were then retained or excluded, respectively, and the procedure was repeated until no more baseline location was marked as invalid. Afterwards, the coordinates of all fixations were realigned to the baseline of their respective trial or by the average of all valid baselines in the current block if the baseline was determined invalid. If more than 25% of baselines of a participant needed interpolation during generalization phase, the eyetracking data were excluded from analysis. However, this was not necessary for any subject. On average, 8.7% of trials (SD = 5.5%) needed interpolation. After drift correction, regions of interest (ROIs) were defined for every face pair according to their non-identical pixels. To standardize ROI size, the superset of ROIs within the same diagnostic features (eyes vs. mouth/nose) was used for all stimuli. Finally, the relative cumulative dwell time per ROI and the latency until the first fixation into each ROI (diagnostic and non-diagnostic) were computed within the first 4000 ms after stimulus onset, i.e. until presentation of the visual rating prompt.
Dwell times were calculated for the whole duration of 4000 ms as a measure of sustained attention but we also computed dwell times for consecutive 500 ms bins spanning this interval to analyze temporal characteristics of attentional exploration. Resulting values were divided by the total sum of fixation durations in the respective time period to yield proportions.
Electrocardiography. An electrocardiogram was obtained using three adhesive SilverTRACE ECG electrodes (Vyaire Medical; USA) placed underneath the right manubrium and the left costal arch, as well as a ground electrode at the right costal arch. Data were recorded with the Biopac MP160 system and AcqKnowledge 5.0 (BioPac Systems; Goleta, CA, USA) with a sampling rate of 500 Hz.
Processing was performed in R 3.5.1. R-peaks were detected semi-automatically according to their amplitude with an option of manual editing. The heart rate in beats per minute was calculated out of the resulting R-R intervals. Electrocardiographic data of one participant was excluded due to excessive extrasystoles (≈3/min). Remaining artifacts were interpolated by the average heart rate change of adjacent R-R intervals (6 occurrences within the remaining data). To account for interindividual differences in tonic heart rate, heart rate change scores relative to the last second prior stimulus onset were calculated for bins of 0.5 seconds until 5.5 seconds after stimulus onset. Gradient Analysis. During the generalization phase of the experiment, a generalization gradient was created for each diagnostic region ranging from the CS− across the four morphs to the CS+ (see Procedure). The indicated expectancy ratings and the physiological data can thus be mapped as a function of perceptual proximity to the CS+. Since the shape of this resulting graph was of primary interest, linear deviation scores (Kaczkurkin et al., 2017) were calculated as the difference between the mean responses to CSs and the mean responses to the GSs. This measurement effectively indexes whether the generalization stimuli achieve an average score below (positive values) or above (negative values) a hypothetical linear connection between CS− and CS+. Therefore, this index can be used to assess to what extent participants exhibited a healthy generalization pattern or overgeneralization. This measure of the fear profile was then correlated with subjects' attentional deployment.
Statistical Analysis. Data were pooled as a function of stimulus category for each experimental phase and then compared using t-tests (habituation and acquisition phase) or repeated measures ANOVAs (generalization phase). The Greenhouse-Geisser procedure (Greenhouse & Geisser, 1959) was applied to correct for potential violations of the sphericity assumption in repeated-measures ANOVAs involving more than one degree of freedom in the enumerator. To test our main hypothesis that patterns of attentional exploration are related to individual differences in fear generalization, we calculated multiple regressions with two predictors: the relative cumulative dwell time into the diagnostic ROI and an effect-coded (Singmann & Kellen, 2020) variable denoting which facial features were diagnostic for the current stimulus. The criteria were the linear deviation scores of shock expectancy and heart rate change gradients, respectively.
Results
Shock Expectancy Ratings
During habituation, there was no significant difference between the expected probability of a painful stimulation following photographs that were later to become CS+ vs. CS− (t(41) = −0.96, p = .341, d = −0.15). Furthermore, a TOST procedure (Lakens, 2017) confirmed that the 95% confidence interval around the observed effect size lies completely within an equivalence bound of ∆ = ±0.5 (lower: t(41) = 2.28, p = .014; upper: t(41) = −4.20, p < .001).
After acquisition, however, the CS+ was perceived as more threatening than the CS− (t(41) = 13.32, p < .001, d = 2.06), confirming successful fear acquisition. The average course of shock expectancy ratings across the whole experiment can be seen in Figure 2a .
In order to analyze the generalization phase, a within-subjects ANOVA was conducted with the factor threat level (CS−, GS1 through GS4, CS+). Results indicated a significant main effect of threat level (F(5, 200) = 118.54, GG-ε = .55, p < .001, ηp 2 = .74). In Figure 2b , the corresponding fear gradient is depicted that shows a monotonic increase from CS− across the GSs to the CS+. Follow-up t-tests indicated that every two adjacent levels were significantly different from each other (ts ≥ 2.60, ps ≤ .013, ds ≥ 0.40). 
Heart Rate
Since expectancy ratings indicated successful habituation and acquisition of conditioned responses, the analyses of the physiological data primarily focused on the generalization phase of the experiment.
After visual inspection of the grand average temporal dynamics revealed a contingent heart rate deceleration following stimulus onset (cp. Figure 3a) , data were collapsed across temporal bins for further analysis and a within-subjects ANOVA with the factor threat level was conducted. The significant intercept indicates that there was heart rate modulation in response to the photographs (F(1, 42) = 7.50, p = .009, ηp 2 = .15) that further depended on the threat level of stimuli (F(5, 210) = 5.16, GG-ε = .84, p < .001, ηp 2 = .11). Follow-up t-tests revealed an increase in heart rate deceleration along the fear gradient: Compared to the CS−, the CS+ and the GS4 elicited significantly more cardiac slowdown (CS+: t(42) = 2.78, p = .004, d = 0.42; GS4: t(42) = 3.41, p < .001, d = 0.52). The remaining GSs did not differ significantly from the CS− (ts ≤ 1.54, ps ≥ .066, ds ≤ 0.23). The resulting gradient is depicted in Figure 3b . 
Eye-Tracking Data
To test our hypotheses concerning average fixation preferences during generalization, we first employed a 2×2 within-subjects ANOVA with the factors ROI (eyes vs. mouth/nose) and diagnosticity (diagnostic vs. non-diagnostic). As expected, we found a significant main effect of ROI (F(1, 42) = 35.47, p < .001, ηp 2 = .46) that was driven by subjects, on average, looking more into the eyes compared to the mouth and nose even if the eyes were non-diagnostic. This was complemented by the hypothesized main effect of diagnosticity (F(1, 42) = 37.24, p < .001, ηp 2 = .47) indicating that diagnostic facial features triggered more attentional allocation than non-diagnostic ones. There was also a small but significant interaction of the two factors (F(1, 42) = 5.55, p = .023, ηp 2 = .12) which traced back to subjects fixating slightly more on any ROI (in contrast to other parts of the visual display) during the presentation of stimuli with diagnostic mouth and nose region (M = 95.3%) compared to when eyes were diagnostic (M = 93.9%). All three effects are summarized in Figure 4 . To further explore the temporal progression of effects, we employed a 2×2×6×8 withinsubjects ANOVA with additional factors threat level (CS−, GS1 through GS4, CS+) and trial time (0 to 4 sec in bins of 0.5 sec). The extended model confirmed the main effects of ROI (F(1, 42) = 32.49, p < .001, ηp 2 = .44) and diagnosticity (F(1, 42) = 41.42, p < .001, ηp 2 = .50) that were also found in the previous confirmatory analysis. The effect of diagnosticity, however, was superseded by a strong interaction with trial time (F(5, 210) = 44.45, GG-ε = .66, p < .001, ηp 2 = .52). Visual inspection of the effect indicated that orienting toward diagnostic facial features was strongest within 500 to 1000 ms but this temporal modulation only lasted until 1500 ms after stimulus onset. The sharp temporal tuning of the influence of diagnosticity on fixation time is depicted in Figure 5 . Since further effects were considerably smaller in magnitude and did not relate to the current hypotheses, they are summarized in the Supplementary Material. 
Influence of Eye-Tracking Measures on Shock Expectancy Ratings and Heart Rate
Considering explicit shock expectancies, we found the hypothesized effect that longer dwell into diagnostic regions predicts less fear generalization (β = .31, p = .032). This association was neither mediated by the diagnostic region (β < .01, p = .997) nor did the latter predict the extent of generalization (β = .14, p = .305). Since the exploratory analysis of the eye-tracking data indicated that early processes would be of special importance, we also used the square root of the latency until the first fixation into the diagnostic ROI as index for early attentional allocation. This analysis yielded a strong negative association between the latency of first fixations on diagnostic facial features and fear generalization (β = −.37, p = .002) 2 . This relation was again not altered by the diagnostic region (β = −.06, p = .632) and the latter did not affect fear generalization (β = .09, p = .437). Hence, participants who directed their gaze faster toward distinguishing facial features exhibited less fear generalization. The relationships concerning shock expectancy ratings and attention are summarized in Figure 6 .
Fear generalization profiles in heart rate, however, were neither predicted by the cumulative dwell time into diagnostic ROIs (β = −.02, p = .880) nor by the latency of the first fixation (β = .03, p = .817). Other predictors also did not reach statistical significance (|β|s ≤ .09, ps ≥ .522). 2 We used the square root of latencies in order to normalize the data but same effects emerged when relying on the raw data (see Figure S5 in the Supplementary Material). 
Discussion
In this study, we tested the impact of individual patterns of attentional allocation on fear generalization by utilizing manipulated pairs of facial photographs that differed specifically within the eyes or in the region around mouth and nose. Results indicated that our healthy sample showed a typical "quadratic" fear generalization gradient regarding shock expectancy ratings but its shape was altered depending on individual attentional exploration: Subjects who dwelled on the distinguishing region of stimuli faster and for longer periods of time exhibited less fear generalization. This leads to the conclusion that stimulus discrimination plays an important role in the generalization of fear. An exploratory analysis revealed that effects were greatest for early fixations during the first 1500 milliseconds after stimulus onset. We also observed larger decelerative heart rate responses as a function of threat level but the resulting gradient was not predicted by patterns of attentional exploration.
The hypothesized relation between cumulative dwell time into diagnostic regions and the extent of fear generalization (as measured by shock expectancy ratings) was significant but less pronounced than for the latency of the first fixation into the diagnostic region. One reason for this is that aggregated values over longer periods of time mask crucial temporal dynamics. Our exploratory analysis of the eye-tracking data revealed that dwelling on distinguishing facial features occurred predominantly between 500 and 1500 milliseconds after stimulus onset. Hence, during the majority of the trial, attention was not guided by diagnostic value of facial features but unanimously attracted by the region of the eyes. Consequently, a measure relying more strongly on early attentional mechanisms, such as the latency of the first fixation into the critical region, might be better suited to index attentional allocation towards diagnostic features. This suggests that a modification of early attentional patterns could be a promising tool to sharpen perception and thereby diminish fear generalization (cp. Ehlers & Clark, 2000) . Ginat-Frolich, Klein, Katz, and Shechner (2017) provided initial evidence that a perceptual training can indeed decrease fear generalization in healthy subjects. Future studies should evaluate to what extent such training effects rely on a modulation of attentional exploration and whether such tasks may be able to help ameliorate pathological overgeneralization.
In general, the current data providing evidence for the importance of stimulus discrimination processes in fear generalization seem to be at odds with the results of Onat and Büchel (2015) since they showed that patterns of insula activity differed significantly between the CS+ and even highly similar GSs despite fear generalization in behavioral responses.
Additionally, a region in the inferotemporal cortex showed a tuning profile that emphasizes the difference between CSs and intermediate GSs and hence encoded ambiguity. They concluded that fear generalization is not the mere result of stimulus confusion but an active integration of threat identification and evaluation of uncertainty. Our results, however, are in line with other findings indicating that perception has some predictive value with respect to the amount of fear generalization (see also Laufer et al., 2016; Struyf et al., 2017; Zaman et al., 2019) . Maybe these findings can be reconciled in an integrative model that acknowledges perceptual processes as well as active decision making in the generalization of fear responses at different levels of the processing hierarchy (cp. Struyf et al., 2017) . In fact, attentional processes might act as a mediator and indicate whether fear generalization will occur as a result of stimulus confusion (i.e., when diagnostic stimulus features receive little attention) or due to a "better safe than sorry" strategy employed by the organism (i.e., despite sufficient attentional exploration of diagnostic features). Therefore, future research should elucidate the influence of attentional allocation on the neural representation of the fear gradient since relevant brain regions might be differently affected by an attentional modulation of tuning functions.
Regarding the physiological data, we found a different pattern than Ahrens et al. (2016) .
In their study, healthy participants showed a fear generalization gradient in electrodermal activity but virtually no change in heart rate toward any stimulus. Our data, however, did indicate differential cardiac fear responses in healthy subjects (for an overview on fear bradycardia see Roelofs, 2017) while we did not observe this for skin conductance (see Supplementary Material).
One reason for this is that we did not optimize the experimental design for the measurement and analysis of skin conductance responses. Since the primary outcome measures respond quickly to visual stimulation, we chose to keep the inter-trial-interval rather short. This, however, resulted in large overlap of skin conductance responses to the face stimuli, the ratings and the US and did not permit a valid isolation of responses to the onset of the photographs. Another vital methodological difference between the two experiments is the magnitude of perceptual difference between pairs of stimuli: In our study, we restricted distinguishing features to specific facial attributes (in comparison to, e.g., hair color) and allowed only one region to differ at a time in order to require flexible attentional deployment. As a result, perceptual differences were particularly smaller than in the study of Ahrens et al. (2016) , which in turn might have increased uncertainty and thereby modulated cardiac responses.
The current study has several strengths including the use of carefully controlled stimulus material in an eye-tracking experiment to elucidate the contribution of attentional processes to fear generalization. However, some limitations should also be acknowledged: First, the employment of social stimuli introduced the observed bias towards the eye region regardless of its diagnosticity. Hence, it remains unclear how the current results will generalize to different stimulus material. Second, since we strived to meticulously manipulate specific facial features only while keeping most aspects of the stimuli identical, perceptual similarity was very high. In fact, it is unlikely to meet different people in real life that look alike to this extent except for monozygotic twins. Notably, however, we did find differential fear responses along the threat gradient despite high perceptual similarity in both explicit shock expectancy ratings and heart rate responses. Furthermore, fear generalization profiles were comparable between stimuli with different diagnostic regions indicating similar difficulty between pairs (see Supplementary   Material ). Thus, it seems that human observers can make use of tiny differences between visual stimuli to successfully differentiate between threat and safety. Third, similar to previous studies, we observed highly consistent generalization profiles in behavioral responses that were even evident on the level of single trials (cp. Figure 2 ) but found much weaker and more variable gradients on the physiological level (Ahrens et al., 2016; Dunsmoor et al., 2017; Lissek et al., 2010; Lissek et al., 2014; Schiele et al., 2016; Stegmann et al., 2019) . Apart from potential shortcomings of the experimental design regarding the measurement of skin conductance data (see above), this finding most likely reflects differences between measures in signal-to-noise ratio. Although this aspect is difficult to reconcile in future studies, it seems to be important to acquire data from larger samples in order to examine whether influences of attentional patterns on physiological fear generalization gradients are indeed absent or could be uncovered by increasing statistical power. Lastly, our sample consisted mainly of young and healthy students.
Given that generalization patterns differ greatly between individuals (Stegmann et al., 2019) and were supposed to represent a risk for the development of or a marker of current psychopathology (Ahrens et al., 2016; Lissek et al., 2010; Lissek et al., 2014) , it seems highly interesting to apply the current experimental paradigm to risk populations or patient groups to determine to what extent maladaptive attentional processing might explain variability in fear generalization gradients in such populations.
To sum up, the current study demonstrated that attentional exploration patterns play an important role in fear generalization. Subjects who quickly and extensively looked at distinguishing features displayed less generalized fear. Consequently, individuals that suffer from pathological overgeneralization of fear might benefit from tailored trainings that aim to modify their exploration behavior such that stimulus discrimination is increased.
Electrodermal Activity
Method Skin conductance was measured using a constant voltage system (0.5 V) with two 22/10 mm Ag/AgCl electrodes (Berger Medizintechnik GmbH, Gleisdorf, Österreich) filled with 0.5 % NaCl electrolyte gel (PAR Medizintechnik GmbH & Co. KG, Berlin, Germany) that were placed on the thenar and hypothenar eminences of the left hand. Data were collected via the same apparatus as cardiac activity with a sampling rate of 500 Hz.
Further processing was implemented in R 3.5.1. We adhered to the procedure by (Ahrens et al., 2016) to obtain comparable results. In order to identify electrodermal nonresponders, subjects' responses to the unconditioned stimuli were evaluated as the difference between the maximum and minimum electrodermal activity within the first 5 seconds after administration of electric shocks. Differences less than 0.1 µS were scored as zero. Participants' electrodermal responses were only analyzed further if their average reaction to the painful stimulus exceeded 0.1 µS and more than 50% of responses to the electric stimulation were nonzero. Due to these criteria, electrodermal data of 10 subjects were excluded. Subsequently, skin conductance responses (SCRs) to the photographs were scored as the difference between the maximum and minimum activity within the first 8 seconds after stimulus onset (i.e., the minimum time before presentation of the next stimulus). Differences less than 0.1 µS were scored as zero and trials containing or following a painful stimulus were excluded in order to avoid overlapping of unconditioned responses.
Since substantial overlap between individual skin-conductance responses has to be expected (see Discussion), we also reanalyzed the data using Ledalab 3.4.9 (Benedek & Kaernbach, 2010) . This toolbox decomposes the continuous electrodermal activity into tonic and phasic components. Focusing on the phasic electrodermal activity, the average driver was determined within a response window of 0.5 to 3 seconds after stimulus onset (minimum amplitude of 0.1 µS). Again, subjects were only analyzed further if more than 50% of responses to the electric shock were non-zero, leading to exclusion of 8 individuals.
Individually determined SCR amplitudes and phasic components of electrodermal responding as calculated by Ledalab were log-transformed to reduce the skew of the amplitude distribution.
Results
SCR amplitudes were analyzed using a 6×2 within-subjects ANOVA with factors threat level and diagnostic region. Responses were on average different from zero as indicated by a significant intercept (F(1, 33) = 78.18, p < .001, ηp 2 = .70) but they were not predicted by either factor or their interaction (Fs ≤ 1.51, ps ≥ .209).
Since no differential fear response was observed in skin conductance reactivity, it is not surprising that electrodermal fear generalization profiles were also not predicted by the cumulative dwell time into diagnostic ROIs (β = .11, p = .532) or by the latency of the first fixation (β = −.04, p = .806). Other effects also did not reach significance (|β|s ≤ .25, ps ≥ .121).
Employing the same ANOVA on the deconvoluted data did not change the results.
Aside from a significant intercept (F(1, 34) = 61.22, p < .001, ηp 2 = .64), no other statistically significant effects were observed (Fs ≤ 1.15, ps ≥ .335). Figure S1 . Exemplary depiction of a trial with original rating prompt in German ["How likely does a painful stimulus follow?"]. The response scale ranges from 1 = no stimulus across 3 = unsure to 5 = stimulus certain. The corresponding keys on the German keyboard layout are space, L, Ö, Ä, and right shift respectively.
Further methods
Extended models (generalization phase) Shock Expectancy Ratings
In order to further analyze the generalization phase, a 6×2 within-subjects ANOVA was conducted with the factors threat level (CS−, GS1 through GS4, CS+) and diagnostic region (eyes vs. mouth/nose). Along with the already discussed main effect of threat level (F(5, 200) = 118.49, GG-ε = .59, p < .001, ηp 2 = .75), we also found an unexpected marginally significant interaction of threat level × diagnostic region (F(5, 200) = 2.26, GG-ε = .59, p = .087, ηp 2 = .05). Follow-up t-tests revealed greater threat expectancy specifically for the GS1 if the diagnostic feature was comprised by the eyes compared to mouth and nose (t(41) = 3.08, p = .004, d = 0.47). Except for the same tendency for the CS− (t(41) = 1.49, p = .143, d = 0.23), no other influence of the diagnostic region within threat-levels was found (|t|s ≤ 0.48, ps ≥ .637). The main effect of diagnostic region was not significant (F(1, 41) = 0.56, p = .458, ηp 2 = .01). Consequently, the diagnostic region had little impact on subjective ratings, indicating similar difficulty of perceptual discriminability between pairs.
Electrocardiography
For the heart rate changes, the same 6×2 within-subjects ANOVA with factors threat level and diagnostic region was conducted. The significant intercept (F(1, 42) = 7.50, p = .009, ηp 2 = .15) and main effect of threat level (F(5, 210) = 5.16, GG-ε = .84, p < .001, ηp 2 = .11) were already discussed in the main article. Other effects did not reach significance (Fs ≤ 0.96, ps ≥ .443).
Eye-Tracking Data
To explore potential temporal dynamics within the fixation behavior, we employed a 2×2×6×8 within-subjects ANOVA with factors ROI (eyes vs. mouth/nose), diagnosticity (diagnostic vs. non-diagnostic), threat level (CS−, GS1 through GS4, CS+) and trial time (0 to 4 sec in bins of 0.5 sec). The remaining effects that were not discussed in the manuscript are described here. The already discussed impact of diagnosticity was also modulated by an interaction with the threat level of the stimulus (F(5, 210) = 5.72, GG-ε = .80, p < .001, ηp 2 = .12). Subjects exhibited less attention toward diagnostic regions in the middle of the fear gradient (esp. GS2 & GS3) compared to its extreme poles (CS− & CS+ but also GS4) (see Figure S2a ). Also, a significant three-way interaction of diagnosticity × threat level × trial time emerged (F(35, 1470) = 2.28, GG-ε = .49, p = .002, ηp 2 = .05) indicating that the attenuated exploration of diagnostic features within the center of the fear gradient was particularly pronounced between 500 and 1000 ms (see Figure S4a ). Furthermore, a main effect of trial time was found (F(7, 294) = 13.21, GG-ε = .25, p < .001, ηp 2 = .24) that was traced back to participants mostly fixating areas of the visual display outside of any ROI during the very beginning and end of a trial (see Figure S2b ). The main effect of threat level was also significant (F(5, 210) = 2.90, GG-ε = .75, p = .027, ηp 2 = .06) indexing that across the whole trial, subjects dwelled outside of ROIs mostly for faces in the middle of the fear gradient (GS2 & GS3), to a lesser extent also while viewing safety signals (CS− & GS1), and least for threatening pictures (CS+ & GS4) (see Figure S2c ).
Building upon the previously mentioned main effect of ROI denoting visual preference for eyes compared to mouth and nose, an interaction with trial time was found (F(7, 294) = 4.52, GG-ε = .35, p = .008, ηp 2 = .10). The bias towards eyes was attenuated between 500 and 1000 ms (see Figure S3a ). The ROI effect was further modulated by an interaction with threat level (F(5, 210) = 3.06, GG-ε = .84, p = .017, ηp 2 = .07) indicating that gaze toward eyes was slightly diminished at the more threatening half of the gradient (GS3 to CS+) (see Figure S3b ). The three-way interaction of ROI × threat level × trial time was also significant (F(35, 1470) = 2.32, GG-ε = .47, p = .002, ηp 2 = .05) yet again indicating that the aforementioned effect was strongest within the time frame between 500 and 1000 ms (see Figure S4b ). Lastly, a marginally significant interaction of diagnosticity × ROI × trial time emerged (F(5, 297) = 2.13, GG-ε = .55, p = .081, ηp 2 = .05) further classifying the two-way interaction from the confirmatory analysis. The already discussed greater amount of dwell on any ROI compared to the remainder of the display during the presentation of faces with diagnostic mouths and noses only occurred within the first 500 ms (see Figure S3c ), possibly due to the proximity of this ROI to the fixation cross. No other statistically significant effects were found (Fs ≤ 1.13, ps ≥ .325). Figure S3 . Visualization of ANOVA effects: a) ROI × trial time, b) ROI × threat level, and c) the marginal diagnosticity × ROI × trial time simplified as the temporal progression of the difference score between the relative dwell times on any ROI for stimuli with diagnostic mouth & nose area minus diagnostic eyes (cp. diagnosticity × ROI in confirmatory analysis). Confidence bands indicate 95% confidence intervals of between-subjects estimates. 
Regression
The explorative multiple regression analysis on the shock expectancy gradient using the square root of latencies of first fixations into the diagnostic region yielded highly significant predictive value (β = −.37, p = .002). Without this normalization, the effect was almost identical (β = −.35, p = .003). Other predictors did not reach statistical significance (|β|s ≤ .10, ps ≥ .394).
The respective scatter plot can be seen in Figure S5 . Figure S5 . Scatter plot for linear deviation scores of shock expectancy ratings during generalization as a function of the latency until the first fixation on the diagnostic ROI. Confidence bands indicate 95% confidence intervals of regression line estimates.
